In this paper, coprecipitation method was used in the synthesis of cobalt ferrite nano particles, while investigations were carried out to determine the effect of sintering temperature on the structural and dielectric properties of the prepared samples. The structural/morphological and dielectric properties of the products were determined by X-raydiffraction (XRD), transmission electron microscopy (TEM), and open ended coaxial probe (OECP). Results from analysis confirms that heat treatment influences the magnitude of dielectric constant and the structural evolution of the samples. TEM images reveal that the samples surfaces exhibit well-defined crystalline nanoparticles of spherical shapes with small agglomeration at higher sintering temperature while the sizes of the particles increases with annealing temperature due to grain boundary growth. The magnitude of dielectric constant was influenced by interfacial polarization as well as iron hopping of Fe 2+ to Fe 3+ and Co 2+ to Co 3+ at B-sites. Sintering temperature also influenced the dielectric characteristics, and this is confirmed from the dielectric measurements at room temperature. Based on the result obtained for dielectric constant, these samples are suitable for small microwave shielding.
INTRODUCTION
Nanostructured materials have developed over the years and thereby attracting the interesting of the scientific community. This attraction is mainly connected to nanostructured materials unusual physical properties compared to their bulk form. Nano materials are found in all areas of technological advancement ranging from electronic devices, microwave devices, transformer cores, magnetic devices, switching devices, recording tapes, permanent magnets, hard disc recording media, flexible recording media, read-write heads, active components of ferrofluids, magnetic drug delivery, catalysis, color imaging, magnetic refrigeration, detoxification of biological fluids, magnetically controlled transport of anti-cancer drugs, magnetic resonance imaging (MRI) contrast enhancement and magnetic cell separation [1] .
The ferrite nanoparticles have a spinel structure and the general spinel structure is in the form as AB2O4. Cobalt ferrite has a partially inverted spinel structure with cobalt atoms predominantly in the octahedral sites and it is a well-known hard magnetic material, which has been studied in detail due to its high coercivity (5400 Oe), high chemical stability, good electrical insulation, significant mechanical hardness and moderate saturation magnetization (80 emu/g) at room temperature [2] .
Properties of nanoferrites are dependent on the choice of the cations and their distribution between tetrahedral and octahedral sites of the spinel lattice. The technique used in the prepaartion of nano materials also influences their physical and chemical properties. These techniqiues might involve the preparation conditions, chemical composition, sintering temperature, doping additives, and the method of preparation [3] . Several chemical and physical methods such as high ball milling, sol-gel, spray pyrolysis, coprecipitation, combustion technique, conventional solid state mixing have been used for the fabrication of nanoferrite materials [4] . Among the available synthesis methods, solgel method has attracted much attention due to its inherent advantages of low processing temperature and homogenous reactant distribution. The products obtained by this method exhibit high crystalline quality, narrow size distribution, and uniform shape [5] . The effect of rareearth ions inclusion into the ferrite spinel structure has been reported in many literatures, however little has been reported on the effect of calcination temperature on dielectric and magnetic properties. In [6] , they indicated the change in the magnetic properties of samarium substituted CoFe2O4 synthesized by citrate precursor method and the results revealed that the saturation magnetization and coercivity are decreased with the addition of Sm 3+ ions. In [7] , they reported an increase in crystallite size of cobalt ferrite nanoparticles by the doping of gadolinium. In [8] , they reported that the substitution of Sm 3+ in NiFe2O4 increases the lattice parameter and reduces the crystallite size of the materials. In [9] , they investigated the effect of Sm 3+ and Gd 3+ substitution on the magnetic properties of cobalt ferrite synthesized by forced hydrolysis in polyol and reported that particle size increased slightly with rare earth substitution.
In this work we investigated the effect of temperature on structural and dielectric properties evolution of CoFe2O4 nanoparticles synthetized via coprecipitation method. 
EXPERIMENTAL

Materials and Synthesis
Iron nitrate (99.4% purity), cobalt nitrate (99.5% purity) and Ammonia (98.9% purity) all purchased from Sigma Aldrich were used without further purifiication for this study. Required amount of iron nitrate and cobalt nitrate were dissolved in 100 ml of distilled water at room temperature and stirred for 20 min continously. During constant stirring, 100 ml of ammonia solution was added in drops form. The droppings were done so as to get a solution with pH about 12. The mixture solution/precipitate were dried in an oven at 80 -100 0 C for 48 hrs. The obtained dry powder were then calcined in a furnace at 700 0 C, 900 0 C and 1100 0 C for 4 hrs. The annealed samples were allowed to cool naturally to room temperature.
Measurement
X-ray diffraction (XRD) of the prepared sample were recorded in a Phillips diffractometer equipped with a CuKα monochromator. The identification of the crystalline phases present in the samples were achieved using the XRD profiles. Transmission Electron Microscope (TEM) JEOL JEM 1220 was used to explore the sample morphology and its particle size distribution. The room temperature infrared spectra of nanopowders were recorded using a Fourier Transform Infrared Spectrophotometer (Perkin Elmer). The dispersing of the samples were observed in the range from 300 to 4000 cm -1 . While dielectric measurement were carried out using open ended coaxial probe via Agilent HP 85072 vector network analyser (VNA).
RESULTS AND DISCUSSION
XRD analysis
In Figure 1 , it can be seen that a clear and sharp peak intensity appears at the (311) peak for all temperatures. The main peaks for the (220) 
where k is a constant equal to 0.9, λ is the wavelength of the X-ray radiation (all diffraction patterns shown in this paper were performed with CuKa radiation), θ is the diffraction angle, and β is the full width half maximum (FWHM). 
Calculation showed that the crystallite size and lattice parameter of the powder were found to be 52.1nm and 8.386A for 700 0 C, 63.4 nm and 8.403A for the 900 0 C and 69.7 nm and 8.471A for the 1100 0 C sintered samples. There was noticable grain growth development from the 700 0 C mark, hence the grain distribution at 1100 0 C is much broader than the 700 0 C indicating grain growth which in turn leads to larger domain walls. The growth of the particle sizes was dependent on the sintering tempearture as observed from results [10] . Figure 2 shows the TEM images of the preparred cobalt ferrite nanoparticles after annealing with tempratures of 700 0 C, 900 0 C and 1100 0 C. Observation on the particles revealed sperical homogenous distribution which is more evident at the 700 0 C temeprature. Using TEM analysis, the average particle sizes were estimated to be 32.4, 47.8 and 64.8 nm for the 700 0 C, 900 0 C and 1100 0 C sintering tempreartures, respectively.
TEM measurement
Figure 2. TEM images of cobalt ferrite nanoparticles
The TEM result was in agreement with results estimated using Scherer equation. Due to the increase in the production of metal ions as sintering tempearture increases, particle sizes are therefore bound to increase and the correlation between particle size and calcination temperature, is also attributed to the accrual of nearby particles as the surface melts at the highest temperatures [11] .
FTIR Spectroscopy
Careful observation on the FTIR spectra shown in Figure 3 shows an absorption peak at 729cm -1 corresponding to intrinsic stretching vibrations of metal at the tetrahedral site, whereas the lowest band, observed in the range of 400-300cm -1 , is due to the octahedralmetal stretching [12] . Co 2+ ions usually occupy octahedral-site, while Fe 3+ ions has the tendency to occupy both octahedral and tetrahedral sites [13] . Further observations shows strong absortions peaks at 2941, 1721 and 1167 cm -1 wavelengths for the 1100 0 C sintered sample. As the number of partcles ions increases due to increasing sintering temperature so is the absoprtion peaks as evident in the FTIR spectra for the sample annealed at 1100 0 C. 
Dielectric measurement
Open ended coaxial probe (Agilent 85702B) was used in the measurement of complex permittivity of both samples. The measurement was carried out at microwave frequency (8.2 GHz to 12.4 GHz). Careful observation on Figure 4 shows that dielectric constant decreases with increasing of frequency in all samples. The dependence of dielectric constant on frequency can be explained using interfacial polarization as predicted by Maxwell-Wagner [14] . It is expected that the dielectric structure of a ferrite is made up of a conductive layer that consists of large ferrite grains and other grain boundaries that are poor conductors.
Polarization is mainly due to electron exchange between Fe +2 and Fe +3 in the direction of applied field. Results from measurement and calculations showed that the mean dielectric constant were 4.46, 5.05 and 5.56 for the 700 0 C, 900 0 C and 1100 0 C annealed samples, respectively.
Figure 5. Loss factor of annealed samples
The large value of loss factor at lower frequency might be attributted to the dominant species like Fe +2 ions, oxygen vacancies, grain boundary defects, ( Figure 5 ) [15] . The loss factor at high frequency are due to particles which have low resistivity. The mean loss factor obtained for all samples are 0.26, 0.28 and 0.35 for the 700 0 C, 900 0 C and 1100 0 C, respectively. and hence the loss tangent dispersion takes place in the lowfrequency zone. Therefore, the magnitude of loss tangent in the high-frequency zone is less than that of the low-frequency zone [15] . The loss tangent (tanδ) decreases with increase in frequency for all samples. The mean magnitude of the loss tangent obtained are 0.056, 0.058 and 0.064 for the 700 0 C, 900 0 C and 1100 0 C calcinations, respectively. This results indicates that the 1100 0 C annealed sample would absorb more than the 900 0 C annealed sample which is evident in the multiple absorption peaks shown for the FTIR at 1100 0 C. The loss (tanδ) depends on factors, such as material stoichiometry, Fe +2 content and material dispersion, which in turn depends on the composition and synthesis methods. The decrease in loss tangent as frequency incteases is explained on the basis of Maxwel Wagner interfacial polarisation [16] .
CONCLUSION
We have discussed the evolution of dielectric and structural properties of the ferrite material where we successfully investigated the temperature and frequency dependence of dielectric parameters (dielectric constant, loss factor and loss tangent). As a result, all dielectric parameters decreased with increasing frequencies. The thermal heat caused an increase in the average crystallite size and increase in dielectric constant of the samples. As the density of the materials increased, this increases their dielectric constant causing them to absorb radiation the more. Similarly, infrared spectroscopy studies confirms the presence of metal oxide in the prepared nanoparticles. The increase in the grain boundaries suggests the expansion of the unit cell of the materials and the broad spectrum and sharp peak of the FTIR confirms that the material is good for microwave absorption. For this reason, it is concluded that the prepared material is suitable for small microwave shielding applications and electronic devices. Furthermore, the enhancement in dielectric values of the ferrite materials through composite compounding and doping may be utilized for further potential device applications.
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